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METHOD OF CONTROLLING BRAKING OF A 
VEHICLE OPERATING IN A CURVED PATH, AND 

VEHICLE BRAKE CONTROL SYSTEM 

REFERENCE TO RELATED PUBLICATION 

German Patent Disclosure Document DE-OS No. 34 
21 700 , =U.S. Pat. No. 4,593,955. 
The present invention relates to a method and system 

to control braking of a vehicle operating in a curved 
path, and more particularly to a method of operating an 
anti-brake lock system (ABS) and an ABS having fea 
tures which carry out the method. 

BACKGROUND 

It has previously been proposed to provide an ABS in 
which braking pressure applied to the front wheels is 
separately, individually controlled and, further, the 
braking pressure to the rear wheels is controlled, which 
is so arranged that, in case of yaw torque, the braking 
effort being applied to the respective wheels is reduced. 
In one such system-see the referenced US. Pat. No. 
4,593,955, Leiber, to which German Patent Disclosure 
Document DE-OS No. 34 21 700corresponds-the 
pressure rise on one front wheel is limited if the braking 
pressure to the other front wheel is controlled by the 
ABS. The control characteristics themselves are 
changed when operation of the vehicle in a curved path 
is sensed. Such sensing of the curved path can be ob 
tained either by sensing response of a transverse accel 
erometer or by deriving a curved path signal by com 
paring speed differences between wheels operating at 
the inside of a curve and at the outside of a curve. The 
system of the referenced U.S. Pat. No. 4,593,955 also 
proposes to disable the yaw torque pressure decrease 
upon sensing a predetermined transverse acceleration, 
for example when the vehicle is in a curve. 

Decreasing of yaw torques is used in vehicles with 
ABS control in order to prevent differences in braking 
effort on the front wheels of the vehicle to become too 
high if the coefficient of friction of the respective front 
wheel with the underlying surface or road is asymmetri 
cal. Basically, yaw torque is decreased by limiting the 
pressure rise on the wheel which last indicates a ten 
dency to block (which is referred to as the “high wheel” 
or the high-brake pressure wheel) if the other wheel, the 
“low wheel” or lower brake pressure wheel, has the 
tendency to block. 

Various solutions for decrease of yaw torques have 
been known, for example to permit pressure rise on the 
high-brake pressure wheel upon sensing tendency to 
block at the low-brake pressure wheel only at a de 
creased rate, for example by pulsing application of pres 
sure rise brake ?uid; or to maintain pressure constant on 
the high-brake pressure wheel when sensing tendency 
to block at the low-brake pressure wheel, until pressure 
is again raised at the low-brake pressure wheel, and then 
increase the pressure, in common, at a low rate, for 
example by pulsing brake pressure. Possibly, a small 
additional pressure decrease on the high-brake pressure 
wheel may be commanded, for example in advance of a‘ 
phase of maintaining braking pressure constant. 
The yaw torque brake pressure decrease thus permits 

on the high-brake pressure wheel a rise in brake pres 
sure to the maximum value only with some time delay. 
This results in temporal delay of the resulting yaw 
torque, due to the limited maximum difference in brake 
effort to such an extent that the driver or operator will 
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2 
be given sufficient reaction time to react to the driving 
condition. The instant of time for the temporally limited 
brake pressure rise on the high-brake pressure wheel is 
derived from instability of operation, that is, rotary 
operation of the low-brake pressure wheel. Similar con 
ditions may occur at the wheels at the outside of a curve 
and the inside of a curve when braking is commanded 
and while the vehicle is operating in the curve. Recog 
nition of braking in a curve thus cannot be derived from 
the operating conditions of the wheels themselves. 
Many vehicles have a tendency to over-steer, which 

means that, as the transverse acceleration increases as 
the vehicle passes through a curve, with only slight 
deceleration of the vehicle, the vehicle will have a ten 
dency to take the curve sharper that is, to move towards 
the inside of the curve. A vehicle which has an ABS 
without yaw torque brake decrease or limiting will be 
similar to one without it, that is, the tendency to over 
steer will be retained if the deceleration due to braking 
is low. If, however, the operator commands a higher 
braking effort, a torque will occur at the front wheel at 
the outside of the curve due to the increase in braking 
effort thereon, which is a torque which tends to coun 
teract the torque towards the inside of the curve, thus 
tending to cancel the over-steering behavior of the 
vehicle. 

Increase of braking effort at the front wheel at the 
outside of the curve is time-delayed in vehicles having 
ABS and yaw torque brake limiting; the counteracting 
torque, then, will build up in most instances too late, so 
that the vehicle will receive a substantial torque pulse in 
the direction of oversteering, that is, towards the inside 
of the curve. In spite of desired increase of delay by 
braking, the behavior when braking while the vehicle is 
passing through a curve will be related to the behavior 
similar to low vehicle deceleration. The advantage of 
the counteracting torque thus cannot be obtained. 

It has been proposed to eliminate this disadvantage by 
disabling the effect of the yaw torque brake limitation 
when the vehicle passes through a curve. This can be 
obtained, by disconnecting or reducing the yaw torque 
decrease when the vehicle is operating in a curve, that 
is, when operation in a curve path is being sensed. 

THE INVENTION 

It is an object to obtain the advantages of a counter 
torque tending to reduce or eliminate, i.e. reduce to 
zero, the oversteering behavior of a vehicle without, 
however, eliminating the advantages obtainable by yaw 
torque brake effort limitation. 

Brie?y, a determination is made if one of the front 
wheels has a tendency to block and if the vehicle oper 
ates in a curved path. ' 
The braking pressure being applied to the rear wheels 

is then limited upon such determination. 
The solution, in accordance with the present inven 

tion, to in?uence the rear wheel braking pressure when 
the vehicle operates in a curve is yet another solution to 
the problem described. This solution can be used alone, 
or in addition to or in combination with the previously 
referred to and known disconnection or reduction of 
the yaw torque limitation when the vehicle operates in 
a curve. In accordance with a feature of the invention, 
and when using a combined solution to the problem—in 
accordance with the present invention, in combination 
with proposed solutions of the prior art-the transverse 
acceleration limits are set at higher levels than they 
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would be set or would be necessary upon pure elimina 
tion of the drop in yaw torque. 

Braking pressure applied to the rear wheels can be 
in?uenced in various ways. It is possible, for example, 
to maintain the pressure at the rear wheel brakes at a 
constant level when a predetermined transverse accel 
eration is sensed, that is, when, the vehicle operates in a 
curve, and, additionally, instability of operation of one 
of the front wheels is determined, especially of the front 
wheel at the inside of a curve, for a predetermined time 
interval or until the predetermined transverse accelera 
tion is no longer sensed. Another alternative is to main 
tain the pressure at the rear wheel brakes until a ten 
dency to block on the high-brake pressure wheel is 
determined. The ABS can be so arranged that it pro 
vides for a phase of constant brake pressure; such a 
phase can be modi?ed by permitting slight decrease of 
braking pressure being applied to the rear wheel brakes, 
for example for a predetermined time interval. This is 
also applicable if the transverse acceleration occurs 
only while the braking pressure is controlled by the 
ABS. A priority should be provided, in both cases, for 
a pressure decrease, demanded by the ABS controller 
upon sensing a tendency of the rear wheels to block, in 
advance of, or in priority of maintaining braking pres 
sure constant. 

It is also possible to limit pressure rise on the rear 
wheel brakes, preferably by making the rate of pressure 
rise dependent on transverse acceleration such that the 
slope or rate of pressure rise increases as transverse 
acceleration decreases. A predetermined maximum 
value of transverse acceleration, which occurs, for ex 
ample, at a maximum possible curve speed, may be 
associated with a pressure rise rate of zero. 

DRAWINGS 

FIG. 1 is a schematic block circuit diagram of a ?rst 
system embodiment of the present invention; 
FIG. 2 is a fragmentary detail circuit for an alterna 

tive to control pressure at the rear wheels, the remain 
der of the system being similar to that shown in FIG. 1; 
and 
FIGS. 3, 4, 5 and 6 are pressure vs. time diagrams 

illustrating the course of pressure vs. time occurring at 
the brakes of the vehicle. 

DETAILED DESCRIPTION 

The vehicle has a rotation sensor- 1 coupled to the left 
front wheel, and a rotation sensor 2 coupled to the right 
front wheel. A further rotation sensor 3 is provided 
which is coupled to sense the average speed of rotation 
of the rear wheels, for example by being coupled to the 
main drive of a differential; rather than using a single 
sensor 3, two separate sensors associated with the two 
rear wheels may be used which, for example, can be 
operated in “select low” mode of operation. Evaluation 
circuits 4, 5, 6 are coupled to the respective sensors 1, 2, 
3 to process the sensor signals and to provide, at their 
outputs, brake control signals to respective brake con= 
trol valves 7, 8, 9, each of which has an inlet valve 
section, schematically shown at I, and an outlet or drain 
valve section, schematically shown at O, and, selec 
tively, permitting admission of pressurized brake ?uid, 
drainage of pressurized brake fluid, or blockage ‘of ex 
change of pressurized brake ?uid from a brake cylinder 
to the inlet and outlet lines of a brake system, respec 
tively. 
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The system illustrated includes yaw torque limitation, 

utilized to control braking pressure at the front wheel. 
A logic stage 10 receives output signals from the evalua 
tion circuits 4, 5 and so logically evaluates the respec 
tive output signals that, when one of the front wheels, 
for example as recognized by the evaluation circuit 4, 
shows that there is a tendency of the respective wheel 
to block, the other control channel which includes the 
valve 8 will be controlled such that the inlet valve ele 
ment I will receive brake pressure limitation signals. 
These signals are applied over an OR-gate 11. The logic 
circuit is so arranged that, when a signal is applied to 
the inlet section I of valve 7, associated with the wheel 
of sensor 1, a signal results so that the pressure at the 
other wheel is maintained constant or even. Only upon 
occurrence of pulsed output signals being applied to the 
inlet valve I of the brake unit 7, resulting in pulsed 
increase of pressure, will increase of pressure be permit 
ted to be applied via the inlet valve I of the brake con 
trol valve 8, likewise by pulsed pressure._This operation 
is illustrated in FIG. 3. The pressure commanded by the 
operator is shown in the chain-dotted line PS, the pres 
sure P1, shown in solid line, is the pressure at the low 
brake pressure wheel, and the pressure shown in broken 
line P2 is the pressure which occurs at the high-brake 
pressure wheel. If the pressure maintenance phase, after 
a decrease of pressure, extends over too long an inter 
val, that is, longer than a predetermined time interval, it 
is also possible to generate pressure increase pulses for 
the wheel associated with the sensor 2, see the refer 
enced US. Pat. No. 4,593,955. 

Corresponding similar pressure curves will also 
occur when the evaluation circuit 5 senses a tendency of 
the wheel associated with sensor 2 to block, to then 
limit a pressure increase at the wheel. FIG. 1, addition 
ally, illustrates a transverse acceleration sensor 13 
which has an output coupled to two AND-gates 14, 15, 
each with an inverting input. When the acceleration 
sensor 13 provides an output signal to one of its output 
s—in dependence on the direction of transverse acceler 
ation, the respective AND-gate 14, 15 will be blocked 
by the respective inverting input. Consequently, upon 
operation in a curve, the pressure limitation at the outer 
wheel in the curve becomes ineffective since, in general, 
the wheel at the inside of the curve ?rst has a tendency 
to block. 
The braking pressures on the wheel brakes, thus, are 

controlled independently of each other. This condition 
is shown in FIG. 4, in which it is assumed that, as soon 
as the ABS, that is, in FIG. 1 the evaluation circuits 4, 
5, 6 have responded, the vehicle began to operate in 
curved path. 

In accordance with a feature of the invention, the 
braking pressure at the rear wheels is additionally af 
fected when the vehicle operates in a curve. In?uencing 
the rear wheel braking pressure can be obtained without 
disconnecting the yaw torque limitation, as above de 
scribed. 

In accordance with a feature of the invention, an 
OR-gate 16 is provided which receives control signals 
for the inlet valve portions I of the brake control valves 
7 and 8. The output of the OR-gate 16 is connected to an 
AND-gate 17. A second input of AND-gate 17 is de 
rived from the output of a further OR-gate 18 which is 
connected to the two outputs of the transverse accelera 
tion sensor 13. A third, inverting input of AND-gate 17 
is connected to the output of a further AND-gate 22, 
the inputs of which are connected to the control lines 
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for the respective inlet valve sections or portions I of 
the brake control valves 7 and 8. 

OPERATION 

AND-gate 17 provides a signal when: 
(l) a transverse acceleration of a predetermined level 

is present; and 
(2) one only of the inlet valve sections I of the control 

valves 7, 8 is commanded to permit brake pressure to be 
applied. 
The output signal from the AND-gate 17 may di 

rectly be applied to the inlet section I of the rear wheel 
brake valve or control unit 9. The output signal from 
the AND-gate 17 is then coupled via OR-gate 20 di 
rectly to the inlet valve section I of the rear wheel brake 
control unit or valve 9. In the arrangement shown, the 
brake pressure at the rear wheels would be maintained 
constant when: 

(l) transverse acceleration is present, and 
(2) one only of the front wheels has a tendency to 

block. This condition is shown in FIG. 5, in which the 
solid-line curve P3 shows the course of the rear wheel 
brake pressure. In accordance with a feature of the 
invention, a timing element 23, for example a monosta 
ble ?ip-flop (FF) and an OR-gate, can be provided, 
connected to the drain portion 0 of rear wheel brake 
valve unit 9. The constant pressure maintenance phase 
of the brake pressure can thus be changed by ?rst pro 
viding for a short drop in braking pressure, correspond 
ing to the time constant of the timing circuit 23. This is 
shown in FIG. 5 in the broken line P3’. It should be 
noted that priority is provided from the instant of time 
at which control of the rear wheel brake starts, at time 
t1. A pressure decrease commanded by this priority has 
priority level before the constant brake pressure mainte4 
nance phase. 

Rather than terminating control of pressure at the 
rear wheels when the transverse acceleration signal 
disappears, or upon start of control of braking pressure 
at the two front wheels, additionally, a further timing 
circuit, formed for example by a monostable FF 19, can 
be provided which is SET upon occurrence of an out 
put signal from the AND-gate 17 and then, by a timing 
interval, determines the constant braking pressure phase 
for the inlet valve I of the rear wheel brake valve unit 9. 
The fragmentary detailed circuit of FIG. 2 merely 

shows a portion of the system of FIG. 1. Similar ele 
ments have been given similar reference numerals, with 
prime notation. Thus, AND-gate 17' corresponds to 
AND-gate 17, OR-gate 20' to OR-gate 20 and trans 
verse acceleration sensor 13 and rear wheel brake valve 
control unit 9 to the blocks 13', 9’ of FIG. 2, respec 
tively. 

If a transverse acceleration of predetermined level is 
present, and only one of the front wheels shows a ten 
dency to block, AND-gate 17’ enables a pulse generator 
24, the duty cycle or pulse-pause relationship of which 
depends on an applied transverse acceleration signal in 
such a manner that, close to a maximum possible trans 
verse acceleration value amax, the pulse-pause relation 
ship is in?nity-in other words, maintaining constant 
braking pressure. As the transverse acceleration de 
creases below the maximum value amax, the pulse-pause 
proportion becomes smaller, so that the pressure, with 
decreasing transverse acceleration, increases with an 
increasing gradiant, as shown in FIG. 6, which, to the 
same time scale, shows the respective braking pressures 
and the transverse acceleration, including transverse 
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6 
acceleration amax FIG. 5, in the broken line, thus shows 
the effect of the operation of the system, and in accor 
dance with the method, by ?rst dropping the braking 
pressure applied to the rear wheels—-see broken curve 
P3; if desired, the additional timing stage 19 delays the 
application of this additional drop in braking pressure. 
The connection from evaluation circuit 6 through OR 
gate 20, 21 provides for priority of control by the evalu 
ation circuit 6 
The invention has been illustrated in connection with 

circuit diagrams of FIGS. 1 and 2; it is to be understood 
that similar results can be obtained by suitably program 
ming an existing ABS in which, already, a transverse 
acceleration sensor such as sensor 13 or 13' is present. 
Thus, although illustrated in connection with FIG. 1, an 
equivalent “software” or “?rmware” solution can be 
obtained. 
We claim: 
1. In an anti-brake lock system (ABS) for a vehicle, 

controlling application of braking pressure individually 
to each of the front wheels and to the rear wheels of the 
vehicle, 

a method of controlling braking pressure being ap 
plied to the wheels comprising the combination of 
the steps of; 

determining if the vehicle moves in a curved path and 
deriving a curved path signal; 

controlling braking pressure of a ?rst one of the front 
wheels upon determining in the ABS that said ?rst 
front wheel has a tendency to block or becomes 
subject to unstable behavior; 

controlling rise in braking pressure at a second front 
wheel to a predetermined reduced level to thereby 
decrease yaw torque; and 

limiting the braking pressure being applied to the rear 
wheels as a function of the determination of ten 
dency to block or unstable behavior of said one 
front wheel if also the curved path signal indicates 
movement of the vehicle in the curved path. 

2. The method of claim 1, wherein said braking pres 
sure limiting step comprises maintaining the braking 
pressure at the rear wheels essentially constant. 

3. The method of claim 2, including the step of lower 
ing the braking pressure being applied to the rear 
wheels for a predetermined time in advance of maintain 
ing said rear wheels braking pressure constant. 

4. The method of claim 2, including the step of lower 
ing the braking pressure being applied to the rear 
wheels to a predetermined extent in advance of main 
taining said braking pressure constant. 

5. The method of claim 3, including the step of lower 
ing the braking pressure being applied to the rear 
wheels to a predetermined extent in advance of main 
taining said braking pressure constant. 

6. The method of claim 2, including the step of addi 
tionally decreasing braking pressure being applied to 
the rear wheels based on a priority braking pressure 
decrease commanded by the anti-brake lock system. 

7. The method of claim 1, wherein said step of limit 
ing the braking pressure being applied to the rear 
wheels comprises controlling rise of the braking pres 
sure being applied to the rear wheels to a limited level. 

8. The method of claim 7, including the step of lower 
ing the braking pressure being applied to the rear 
wheels for a predetermined time in advance of said 
limited level pressure rise. 

9. The method of claim 7, including the step of lower 
ing the braking pressure being applied to the rear 
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wheels by a predetermined extent in advance of said 
limited level pressure. 

10. The method of claim 8, including the step of low-= 
ering the braking pressure being applied to the rear 
wheels by a predetermined extent in advance of said 
limited level pressure rise. 

11. The method of claim 7, including the step of con 
trolling the braking pressure level during said limited 
pressure rise under control of the anti-brake lock sys 
tem. 

12. The method of claim 7, including the step of 
sensing the level of the curved path signal to deter 
mine the extent of transverse acceleration of the 
vehicle; 

and controlling the limited level pressure rise as an 
inverse function of the extent of transverse acceler 
ation to permit a higher pressure level rise as the 
transverse acceleration decreases. 

13. The method of claim 12, including the step of 
maintaining the braking pressure at a constant level 
when a predetermined transverse acceleration is sensed. 

14. The method of claim 1, including the step of re» 
ducing or suppressing limitation of rise in braking pres 
sure level at the second front wheel if movement of the 
vehicle in the curved path is determined. 

15. The method of claim 14, including the step of 
reducing or suppressing said limitation of rise in braking 
pressure level at the second front wheel at relatively 
high transverse acceleration levels. 

16. Anti-brake lock system for a vehicle subject to 
yaw torque and with reduced tendency to oversteering 
comprising: 
means (13) for providing vehicle transverse accelera-= 

tion signals; 
means (1-6), for controlling braking pressure applied 

to each of the front wheels, independently, and to 
the rear wheels of the vehicle for preventing lock 
ing of any of the wheels; 

means (10, 11‘15) coupled to and responsive to said 
braking pressure control means for additionally 
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8 
controlling braking pressure applied to a ?rst one 
of the front wheels and upon a determination that 
said ?rst front wheel has a tendency to block or 
become subject to, unstable behavior, 

said additional braking pressure control means fur— 
ther controlling rise in braking pressure applied to 
a second one of the front wheels to a predeter 
mined reduced level upon determining of presence 
of said transverse acceleration signals, and while 
braking pressure is applied to said second front 
wheel under control of said additional braking 
pressure control means; 

rear wheel braking pressure limiting means (9, 20, 21, 
23) for limiting the braking pressure being applied 
to the rear wheels coupled to said braking pressure 
control means (1-6); and 

means (16, 17, 18, 22) coupled to receive said vehicle 
transverse acceleration signals and further coupled 
to said rear wheel pressure limiting means for con 
trolling said rear wheel pressure limiting means as 
a function of the determination of the tendency to 
block or unstable behavior of said one of said front 
wheels and while the transverse acceleration sig 
nals are present. 

17. The system of claim 16, 
wherein said brake pressure control means for the 

rear wheels comprises an evaluation circuit (6) 
sensing operation of the rear wheel or wheels, and 
controlling, respectively, supply of pressurized 
brake ?uid, maintenance of pressure of the pressur 
ized brake ?uid or drainage of pressurized brake 
?uid from a valve unit means (9) coupled to the 
rear wheel or wheels; 

and wherein signals from said rear wheel evaluation 
circuit applied to said valve unit means, tending to 
decrease brake pressure being applied to the rear 
wheel or wheels, have priority over signals derived 
from said braking pressure limiting means. 

- * * * I‘! * 


